Objective. We investigated the association of platelet distribution width (PDW) and mean platelet volume (MPV) with disease activity indices of ankylosing spondylitis (AS) in patients whose laboratory results or medical conditions would not affect PDW and MPV levels. Methods. We analysed demographic and laboratory data of 88 patients with AS. On the same day as the laboratory tests were done, we assessed AS disease activity using the Bath Ankylosing Spondylitis Disease Activity Index, Bath Ankylosing Spondylitis Functional Index, Bath Ankylosing Spondylitis Patients Global Score and Ankylosing Spondylitis Disease Activity Score (ASDAS), including erythrocyte sedimentation rate (ESR) (ASDAS-ESR) and C-reactive protein (CRP) (ASDAS-CRP). The association was analyzed by linear regression. Results. The median age of 88 patients was 38.0 years and the median length of observation was 5.5 years. The median platelet count was 266,500.0/μL, the median PDW was 10.7 fL and the median MPV 9.6 fL. The median ESR was 19.0 mm/hr and CRP was 2.5 mg/L. Among acute reactants, only CRP was negatively correlated with MPV, but not PDW (r=−0.218, p＜0.041). However, both PDW and MPV were not significantly correlated with any disease activity index of AS. On multivariate linear regression analysis, only the length of observation was significantly correlated with MPV (β=0.224, p＜0.044). Conclusion. PDW and MPV were not potent surrogate markers to reflect AS activity, with potential confounding strictly controlled, to affect MPV and PDW levels. (J Rheum Dis 2017;24:143-148)
INTRODUCTION
Ankylosing spondylitis (AS) is a systemic autoimmune disease, which is characterised by both articular and extra-articular features [1] . In the clinical settings, erythrocyte sedimentation rate (ESR) or C-reactive protein (CRP) are widely measured to assess the inflammatory burdens in many rheumatic diseases, but, in AS patients, either ESR or CRP alone has not been considered good predictors to reflect AS activity [2, 3] . Moreover, on the basis of clinical symptoms, function and spinal mobility, various tools to assess the disease activity of AS have been introduced and used including bath ankylosing spondylitis disease activity index (BASDAI), bath ankylosing spondylitis functional index (BASFI) and bath ankylosing spondylitis patients global score (BAS-G), Bath Ankylosing Spondylitis Metrology Index. However, these indices also have a limitation that they include no objective laboratory results [4] [5] [6] [7] . In 2009, ankylosing spondylitis disease activity score (ASDAS) with ESR (ASDAS-ESR) and CRP (ASDAS-CRP), including both clinical and laboratory items, was proposed [8] . Nevertheless, a need for a single and convenient serum marker to predict AS activity has been still raised to date.
Platelet distribution width (PDW) and mean platelet volume (MPV) are the surrogate indices to reflect size distribution of platelets in peripheral circulation. They can be increased in idiopathic thrombocytopenic purpura and myeloproliferative disorder, and decreased in aplastic anaemia [9, 10] . In addition, there were reports that PDW Figure 1 . Selection of the study population. HbA1c: haemoglobin A1c, INR: international normalized ratio.
and MPV can also reflect the inflammatory burdens in various pathological situations, such as abnormal glucose metabolism, chronic liver diseases, chronic kidney diseases, hypertension, dyslipidaemia, cardiovascular diseases, and rheumatoid arthritis [11] [12] [13] [14] [15] [16] [17] . However, previous studies regarding the clinical efficiency of PDW and MPV to reflect AS activity reported inconsistent results, and furthermore, they did not strictly control the confounding factors to affect PDW and MPV [18] [19] [20] [21] [22] . In this study, we investigated whether PDW and MPV can reflect disease activity indices of AS in patients without abnormal laboratory results or medical conditions to affect PDW and MPV levels.
MATERIALS AND METHODS

Patients
We consecutively screened and enrolled 141 patients with AS in this study, from March 2015 to October 2015, by the inclusion criteria as follows: (1) patients who fulfilled modified New York criteria for AS and who had been first diagnosed with AS at the Division of Rheumatology, Yonsei University College of Medicine, Severance Hospital [23] ; (2) patients who had no medical conditions to affect PDW and MPV, such as abnormal glucose metabolism, chronic liver diseases, chronic kidney diseases, hypertension, dyslipidaemia, cardiovascular diseases, rheumatoid arthritis, and concurrent infection or hematologic disorders identified by 10th revised international classification of diseases [11] [12] [13] [14] [15] [16] [17] 24, 25] ; (3) patients who had never received medications for diseases above searched by the Korean Drug Utilization Review system; (4) patients who had not received blocking agents against tumour necrosis factor (TNF), which are one of factors influencing the maturation of thrombopoietic cells and release of platelet into the circulation [26] . (5) Patients who had no concurrent infection and malignancy to enhance acute phase reactants levels; (6) patients who gave informed consent to their participation; (7) patients who took the assessment of disease activity indices of AS by independent physician on the same day of laboratory tests; (8) patients having laboratory results fulfilling the normal reference range as described in Figure 1 [27] . We excluded 28 patients having medical conditions or having received anti-TNF agents to affect PDW and MPV, and we further excluded 32 according to the inclusion criteria based on laboratory results ( Figure 1 ). Finally, we analysed data of 88 patients with AS in this study. This study was approved by the Institutional Review Board of Severance Hospital. Informed consent was obtained from all patients (4-2015-0826). 
Values are expressed as median (interquartile range, IQR) and number (%). BMI: body mass index, PDW: platelet distribution width, MPV: mean platelet volume, INR: international normalized ratio, HbA1c: haemoglobin A1c, ESR: erythrocyte sedimentation rate, CRP: C-reactive protein, ASDAS: ankylosing spondylitis disease activity score, BASDAI: bath ankylosing spondylitis disease activity index, BAS-G: bath ankylosing spondylitis patient global score, BASFI: bath ankylosing spondylitis disease activity functional index.
Data collection and assessment of the disease activity of AS
On the same day of laboratory tests, we measured blood pressure as well as height and weight to calculate body mass index (BMI). Smoking history was assessed via self-reported questionnaire for patients. Age, gender and the follow-up duration were obtained as demographic data. We described the items of laboratory tests in Table  1 . Ethylenediaminetetraacetic acid was currently used as anticoagulant. PDW and MPV were routinely measured and calculated by automatic cell counters after 120 minutes from the time of blood collection in all cases in order to minimize the chance of platelet swelling. We assessed the disease activity of AS using BASDAI, BASFI, and BAS-G [4] [5] [6] . We also collected ASDAS-ESR and ASDAS-CRP by the equations as described in a previous study [8] .
Statistical analysis
All statistical analyses were conducted using SPSS software (version 23 for Windows; IBM Corp., Armonk, NY, USA). Results of continuous variables were expressed as median (interquartile range). Univariate analysis of the association of variables with ASDAS-ESR and ASDAS-CRP was performed using linear regression test. Standardized correlation coefficient was assessed by a multivariate linear regression test using variables with significant differences on univariate analysis. The p-values less than 0.05 were considered to indicate statistical significance.
RESULTS
Baseline characteristics of patients with ankylosing spondylitis
The baseline characteristics are summarized in Table 1 . The median age of 88 participants (68 men and 20 women) was 38.0 years and the median follow-up duration was 5.5 years. The median BMI was 24.0 kg/m 2 . Thirty-six patients reported the smoking history. The median platelet count was 266,500.0/μL and the median PDW and MPV were 10.7 fL and 9.6fL, respectively. The median ESR and CRP were 19.0 mm/hr and 2.5 mg/L. The median BASDAI, BAS-G, and BASFI were assessed as 3.6, 3.0 and 1.7, respectively. And the median ASDAS-ERS and ASDAS-CRP were 2.3 and 2.0.
Univariate and multivariate analyses of PDW and other variables
We analysed the association of PDW with acute phase reactants and the disease activity indices of AS. Univariate linear regression analysis revealed that PDW was inversely correlated with platelet count (r=−0.369, p＜0.001), and Multivariate analyses for PDW were adjusted for age, ASDAS-CRP and BASDAI. We did not include MPV in multivariate analysis in order not to confound the interpretation of statistical results, because MPV is a variable closely correlated with PDW. Multivariate analyses for MPV were adjusted for age, disease duration, ASDAS-CRP and BASDAI. We did not include PDW in multivariate analysis in order not to confound the interpretation of statistical results, because PDW is a variable closely correlated with MPV. PDW: platelet distribution width, MPV: mean platelet volume, VIF: variance inflation factor, BMI: body mass index, ESR: erythrocyte sedimentation rate, CRP: C-reactive protein, ASDAS: ankylosing spondylitis disease activity score, BASDAI: bath ankylosing spondylitis disease activity index, BAS-G: bath ankylosing spondylitis patient global score, BASFI: bath ankylosing spondylitis disease activity functional index, -: not applicable.
positively correlated with MPV (r=0.463, p＜0.001). However, there was no significant correlation of PDW with acute reactants and the disease activity indices of AS (Table 2) . We did not include MPV in multivariate analysis in order not to confuse the interpretation of statistical results, because MPV is a variables closely correlated with PDW. Therefore, we could not perform a multivariate linear regression analysis.
Univariate and multivariate analyses of MPV and other variables
We analysed the association of MPV with acute phase reactants and the disease activity indices of AS. Univariate linear regression analysis discovered that MPV was inversely correlated with platelet count (r=−0.236, p=0.027) and positively correlated with PDW (r=0.463, p＜0.001). Also MPV was significantly correlated with age and the follow-up duration (r=0.274, p=0.010, and r=0.293, p=0.006). Among acute reactants and the disease activity indices of AS, only CRP was negatively correlated with MPV (r=−0.218, p=0.041) ( Table 2 ). Similar to the analysis of PDW, we did not include PDW in multivariate analysis in order not to confound the interpretation of statistical results, because PDW is a variables closely correlated with MPV. On multivariate linear regression analysis, only the follow-up duration was significantly correlated with MPV (β=0.224, p=0.044) ( Table 2 ).
DISCUSSION
The aim of this study was to confirm whether PDW and MPV can reflect disease activity indices of AS in patients without abnormal laboratory results or medication conditions to affect PDW and MPV levels, because there have been discrepancies among previous studies, the positive vs. negative association of MPV with AS activity [18] [19] [20] . Meanwhile, other previous study reported that PDW and MPV were not correlated with AS activity [21, 22] . We assumed that the diverse confounding factors to affect PDW and MPV levels might result in these discrepancies [11] [12] [13] [14] [15] [16] [17] [24] [25] [26] . With these reasons, in the present study, we excluded patients with AS who had abnormal laboratory results, and who had medical conditions such as hematologic diseases or history of medication administered affecting PDW and MPV such as antiplatelets [25, 28] (data not shown). And in this study, we found that PDW and MPV were not associated with not only acute reactants, but also disease activity indices of AS after the adjustment of the confounding factors. We investigated that PDW an MPV may differ between active and inactive groups based on ASDAS-ESR and ASDAS-CRP. When we divided 88 AS patients into the two groups according to ASDAS-ESR of 2.1, 59 patients were assigned to active group. The two groups had statistically even demographic data. We found no significant differences in both PDW and MPV between the groups. Also, when we divided 88 AS patients into the two groups according to ASDAS-CRP of 2.1, 45 patients were assigned to active group. There were no significant differences in demographic data between the two groups. Similar to the results based on ASDAS-ESR, we observed no significant differences in both PDW and MPV between the groups. Taken together, we concluded that PDW and MPV were not potent surrogate markers to reflect AS activity, under the strict control of the confounding factors to affect MPV and PDW levels. The strength of our study is to strictly exclude patients with AS, who had abnormal laboratory results, and who had medical conditions or history of medication administered affecting PDW and MPV levels. Our study had several issues. The serial follow-up results of PDW and MPV as well as the disease activity indices of AS were not available due to a cross-sectional study. Also the number of patients with AS was not large enough to validate our results. We plan to serially measure PDW and MPV along with the disease activity indices of AS in the more number of patients.
CONCLUSION
The aim of this study was to confirm whether PDW and MPV can reflect disease activity indices of AS in patients without abnormal laboratory results or medication conditions to affect PDW and MPV levels. And we found that PDW and MPV were not potent surrogate markers to reflect AS activity, under the strict control of the confounding factors.
